Controversy exists as to the status of the liver in hyperthyroidism in man. Clinical evidence of hepatic insufficiency is found in only the severest and most protracted cases. However, laboratory studies have demonstrated decreased bromsulphalein excretion (1) , decreased hippuric acid synthesis (2) , and diminished concentration of serum proteins particularly with reduction in serum albumen (3) . Needle biopsy of the liver in a series of patients with usual degrees of thyrotoxicosis failed to demonstrate significant hepatic lesions (4) . On the other hand, pathological study of the livers of subjects with fatal hyperthyroidism has quite regularly shown simple atrophy, congestion of sinusoids, and fatty metamorphosis (5) (6) (7) (8) . In many instances, necrosis of hepatic cells of a focal or centro-lobular distribution and even a moderate degree of cirrhosis as evidenced by fibrosis, lymphoid infiltration, and bile duct proliferation, have been found. An extensive centrolobular necrosis of the liver has been seen in some fatal cases. This lesion is comparable to the central necrosis produced in animals by a combination of excessive thyroid feeding together with anoxia (9) , carbon tetrachloride intoxication (10), or infection (11, 12) .
The status of the heart in hyperthyroidism is less controversial than that of the liver. Many investigators over the past four decades have found the cardiac output to be quite consistently elevated in uncomplicated hyperthyroidism (13) . The full distribution of this increased minute output of the heart is of course not known but augmentation of the cutaneous blood flow (14) and the muscular flow of the forearm and calf (15, 16) has been demonstrated.
With the introduction of methods for a) the direct measurement of cardiac output and b) the estimation of the hepatic blood flow and splanchnic oxygen consumption (17, 18) , it became feasible to investigate the hepatic circulation in hyperthyroidism in man in correlation with the cardiac output. This report consists of such data collected on 14 subjects with thyrotoxicosis. In addition, data are recorded on 10 patients whose cardiac outputs were determined but in whom no studies of the hepatic circulation were made. Recordings of pressures in the right atrium, ventricle, and main pulmonary artery, and in a systemic artery were made in most of the subjects. In the first group of 14, pressures in the large hepatic veins are also reported.
METHODS
Only patients with typical, unequivocal and uncomplicated hyperthyroidism as judged by symptoms, physical examination, and elevation of basal metabolic rate were chosen for this study. None had appreciable edema or proteinuria. All determinations were made after an overnight fast. Subjects were given either phenobarbital 90 mg. or sodium pentobarbital 100 mg. by mouth approximately an hour before the study. This sedation helped in performing the measurements without particular apprehension on the part of the subjects. It is our belief, with one exception (patient J. J., who became quite anxious during the study), that the observations were made under emotional conditions fully comparable to similar measurements in control subjects.
Most of the subjects had lost weight, as is to be expected in hyperthyroidism. The data herein reported are expressed in terms of square meters of body surface, estimated from height and actual body weight at the time of study. Correction of the surface area estimation by using ideal body weight instead of actual weight produces no significant change in the data or the conclusions drawn from them.
The hepatic blood flow was estimated by means of the bromsulphalein (BSP) technique of Bradley and associates,2 (17) , utilizing catheterization of the hepatic veins. Particulars of the method are found in previous publications (18, 21) . Hematocrits were corrected by the factor 0.915 as suggested by Chapin and Ross (22) . Cardiac outputs were measured by the direct Fick method with the mixed venous blood sample being collected through the catheter in the pulmonary artery, or in a few instances, for technical reasons, from the right ventricle or right atrium near the tricuspid valve. In eight of the 14 patients, the cardiac output was determined immediately prior to moving the catheter to an hepatic vein for estimation of hepatic blood flow; in the remaining six subj ects, the cardiac output was measured immediately after the hepatic blood flow. Pressures from the right heart, pulmonary artery, femoral or brachial artery, and hepatic veins were recorded by means of the Hamilton manometer. Mean pressures were determined by planimetric integration.
RESULTS
The data on cardiac output and hepatic blood flow on the 14 patients with active hyperthyroidism and on two patients whose thyrotoxicosis had been completely controlled clinically with iodine and propyIthiouracil are listed in Table I The percentage extraction was significantly decreased (p < 0.01) in subjects with hyperthyroidism, they averaging 36.9 ± 5.9 per cent extraction as compared to 52.0 + 2.0 per cent for the controls. The percentage extraction, however, at a given rate of hepatic plasma flow varies inversely with the arterial concentration. The slight difference in mean arterial concentration of BSP in the two groups does not appear adequate to account for the more substantial difference in extraction. From our data, the control subjects at an arterial concentration of 1.83 mg. per 100 ml. (the average arterial concentration for the group with thyrotoxicosis) would have a predicted extraction of 46 per cent, to be compared with the 37 per cent extraction actually found in the hyperthyroid group at that average arterial concentration.
The rate of excretion of bromsulphalein equals the product of hepatic plasma flow and the hepatic arteriovenous difference of dye. The 
.ON0U)V0U)UV-koif0. as compared to the mean of + 54 per cent in the Duke series. The situation in respect to arterial-hepatic venous oxygen differences in hyperthyroidism is quite different from that with arterial-mixed venous oxygen differences. Whereas the arterialhepatic venous oxygen difference in 49 controls ranged from 3.1 to 6.2 volumes per cent with a mean of 4.29 ± 0.11, the hyperthyroid patients varied from 4.4 to 8.2 volumes per cent for a mean of 6.31 ± 0.30. Since the difference between these means is again highly significant statistically (p < 0.01), it can be said that in general hyperthyroidism is associated with a high degree of extraction of oxygen from the blood perfusing the splanchnic area, including the liver.
The estimated hepatic blood flows vary over a considerable range in both the control and hyperthyroid groups. This is explainable, at least in part, when it is remembered that the flow through only one portion of the liver is being determined in each case, and that flows as estimated from several areas of the liver under the same conditions may show considerable variation (17) . The hepatic blood flows for the 14 subjects with hyperthyroidism ranged from 600 to 1,080 ml. per min. per sq. M. of body surface; 53 controls gave values of from 490 to 1,190 ml. The average values are in hyperthyroidism-879 4-40 ml., and for the controls 812 + 24 ml., the small difference between the means not being significant (p = 0.2). When the hepatic blood flow for each individual in the two groups is expressed as a percentage of the corresponding cardiac output, one finds, for the 15 control subjects on whom both hepatic blood flow and cardiac output were measured, that the hepatic blood flow comprises on the average 19 ± 1 per cent of the total cardiac output. The corresponding figure for the 13 thyrotoxic patients is 17 + 1 per cent.
Since the individuals with hyperthyroidism have at the same time a) normal or slightly supernormal hepatic blood flows and b) elevated arterial-hepatic venous oxygen differences, it is obvious that they have splanchnic oxygen consumptions in excess of normal. Actually, all but two of the 14 hyperthyroids had splanchnic oxygen consumptions which exceeded the upper limit of the control range (46 ml. per min. per sq. M.) and all of the 14 were well above the control mean of 34 + 1 ml. The patients with hyperthyroidism ranged from 42 to 71 ml. per min. per sq. M. for a mean of 54 ± 2.4 ml., a highly significant rise above the control. When the splanchnic oxygen consumptions for the two groups are expressed in percentages of the respective total oxygen consumptions, values are obtained of 28 + 1 per cent for the thyrotoxics and of 23 ± 1 per cent for the controls. In view of the relatively narrow range of the values for both groups, the difference between the means proves statistically significant (p < 0.01). This finding indicates that splanchnic metabolism, which in the resting and fasting state is presumably largely hepatic metabolism, is increased not only in proportion to the increase in overall bodily metabolism, but even in excess of the latter. This is supported by the fact that the splanchnic oxygen consumption in the 14 patients with hyperthyroidism was increased to + 60 per cent over the normal splanchnic oxygen consumption whereas the concomitant increase in total oxygen consumption was only 45 per cent (54 per cent minus 9 per cent). The two subjects with previous, typical thyrotoxicosis, whose disease had been clinically controlled by the use of propylthiouracil and iodine, yielded results which did not differ in any way from the control results. Thus far we have not had the opportunity to study the hepatic circulation in a given patient before and after hyperthyroidism has been successfully treated.
Data abstracted from the recordings of arterial, right heart, and hepatic venous pressures in both the Duke and Grady series are given in Tables  II and III. The control values shown are all from our own laboratories, including the reports of Stead and colleagues (25) , and Hickam and Cargill (26) .
Most of the patients with hyperthyroidism had the expected tachycardia. With but few exceptions, the increase in pulse rate paralleled the increase in cardiac output so that the mean stroke volume for the 21 :. CA (15 thyroid group, however, was 35.3 years, which is considerably higher than the 25.6 year average of Stead's group of healthy young men. The mean femoral arterial pressure in a group of 27 subjects without cardiovascular disease, who were studied in our laboratory, was 99 + 2 mm. Hg, which is essentially identical with the hyperthyroid mean. The mean age of this latter group was 37.1 years, a little above the mean of the thyrotoxics. One cannot conclude from these data whether or not the mean arterial pressure is elevated in hyperthyroidism.
The estimated peripheral vascular resistance, obtained as the quotient of the mean systemic arterial pressure and the cardiac index, and expressed in absolute units per sq. M. of body surface, averaged 18.8 in hyperthyroidism, to be compared with the normal value of 27.2 of Stead and co-workers. This is a highly significant reduction below the normal figure.
The right atrial pressure in hyperthyroidism was not elevated, the mean being 2.5 mm. Hg against the control value of 2.7 mm. Hg from the data of Stead. Likewise, the mean hepatic venous pressure in hyperthyroidism, 3.9 mm. Hg, did not differ from our mean control value of 5.6 mm. Hg. The right ventricular pressure in hyperthyroidism, on the other hand, is quite consistently elevated. This is true of both the mean and systolic right ventricular pressures, the 'average values for which were 15 + 1 and 36 ± 2 mm. Hg, respectively. The mean normal values for right ventricular pressure in 16 subjects were 22 + 1 mm. Hg systolic and 10 + 1 mm. Hg mean pressure. The right ventricular diastolic pressure was within normal limits as is evidenced by the normal mean right atrial pressure.
In the pulmonary artery, as in the right ventricle, the systolic and mean pressures were elevated whereas the diastolic pressure was normal.
The average values in nine thyrotoxics were: systolic pressure 30 + (27) , Freeman (28) , and others that the rate of local tissue metabolism regulates the blood flow through that part.
The finding of the elevated splanclhnic oxygen extraction in the presence of a normal hepatic blood flow has been so consistent in cases of thyrotoxicosis that this evidence has been of practical value in several patients, not reported in this paper, in corroborating an uncertain clinical diagnosis of hyperthyroidism.
It is proper to raise the question, in the face of an elevated cardiac output and a normal splanchnic blood flow, as to where the extra blood pumped by the heart goes. Increased blood flows in skin (15) and skeletal muscle (16) have been demonstrated in hyperthyroidism. Merrill (29) has found the renal blood flow to be elevated in hyperthyroidism unless lheart failure supervenes. Scheinberg (30) It is of interest to note that data thus far available for thyrotoxicosis indicate normal peripheral vascular resistances in the lungs, splanclhnic area, and brain (30) in the presence of an overall decrease in peripheral resistance. The normal resistances in the brain and splanchnic area must indicate a considerable reduction in resistance in such sites as the skin.
It is our impression from inspection of the pressure tracings from the right ventricle that the rise in systolic pressure is more abrupt in hypertlhyroidism than in the normal state. Provided this situation holds for the left ventricle, the finding can be offered as an explanation for the accentuated first heart sound whichi is characteristic of hyperthyroidism. The abrupt rise in ventricular pressure at the onset of systole would result in a more forceful closure of the mitral and tricuspid valves. It should be stressed that the stroke volume is essentially normal in thyrotoxicosis and is thus not a factor in either the alteration in right or left ventricular systolic pressure or the accentuated first sound.
SUMMARY AND CONCLUSIONS 1. The hepatic blood flow in hyperthyroidism is little, if at all, increased in spite of a definitely increased cardiac output.
2. The splanchnic oxygen consumption in hyperthyroidism is elevated even more than is the general metabolic rate in this disease. This is accomplished, in the face of the essentially normal splanchnic blood flow, by an increased oxygen extraction. The latter could easily result in anoxia of the centro-lobular zones of the liver and may well be related to the centro-lobular necrosis found in certain instances of complicated thyrotoxicosis.
with an elevated pulmonary blood flow (cardiac output) and a normal pulmonary peripheral vascular resistance. The cause of the pressure increases is not known; they do not appear to be related to left ventricular failure.
4. The ability of the liver to excrete bromsulphalein is moderately impaired in some, but not all, individuals with hyperthyroidism.
